Geothermal commercialization plans were prepared for seven distinct intrastate subdivisions. The geothermal resource prospect and the potential geothermal uses for each area are discussed in separate Area Development
Plans (ADPs). The major objective of the ADP is to provide information for the prospective development and commercialization of geothermal energy in_ the specified area. Attempts are made to match the available geothermal resources to potential residential, commercial, industrial and agricultural users.
This APP is concerned with geothermal potential in Graham and Greenlee counties, both of which contain significant quantities of geothermal energy that could be used for industrial, agricultural or residential use. Projections are made of geothermal heat on line under both private and city-owned utility development. Potential users of geothermal energy, however, are .limited since this area is sparsely populated and lacks an industrial base.
Only a couple of industries were identified which could use geothermal energy for their process heat needs.
AREA DEVELOPMENT PLANS
Arizona has been divided into seven distin~t single or multicounty subdivisions for which Area Development Plans (ADPs) for geothermal -J.-commercialization have been developed. A map of Arizona presented in Figure 1 shows these areas which are numbered in order of planning priority.
This ADP is concerned with Graham and Greenlee counties. Both metric and English units are provided in the text. However, only metric units appear in the tables and figures. For convenience, some common conversion factors are listed in Table 1 . In this report, one million Btu = MBtu. Figure 2 identify these areas; Table 2 gives the location of each of these areas along wittr-rough-depth, volume and temperature estimates.
Graham and Greenlee counties have more hot springs than any other area of the state. Also, Safford itself is surrounded by proven and potential low temperature geothermal reservoirs, and the center of the Safford Basin
Cochise/Santa Cruz VII) Northern Counties 1 (1, 3, 4, 8, 9, 13) Intermediate temperature geothermal potential is inferred from presently available geological, geochemical and geophysical information (Witcher, 1979) . The locations of several inferred potential reservoirs in Graham and Greenlee counties along with rough depth, volume and temperature estimates are presented in Table 3 . Safford is the largest city in the two counties, the next largest being
-----------------------------
Clifton. The population of the Safford area is expected to expand to the north and to some degree to the south of the town. Most of Clifton is located in a canyon surrounded by state and federally owned land~nd privately owned Phelps Dodge land. The only direction for growth is to the south. Manufacturing and construction are not significant in either county.
Manufacturing accounts for less than 1000 jobs in both counties and is only expected to grow at a 1.3 percent annual rate through the year 2000. Construction employment is expected to decline at a 1.4 percent annual rate. In conclusion, Graham and Greenlee counties have typically been the slower growing counties in Arizona not only in population but also in the other gauges of economic welfare. Paradoxically, these two counties also exhibit the best potential for geothermal energy utilization in the state.
Both counties exhibit an abundance of warm springs and wells ideal for direct-use applications. However, the sparse population and lack of an industrial base result in few potential developers of geothermal energy.
LAND OWNERSHIP Figures 7 and 8 show general land ownership maps for Graham and
Greenlee counties. Table 5 gives acreage breakdowns for each ownership class. Procedures for acquiring surface and mineral rights vary depending upon which sector owns the land. . GRAHAM COUNTY -LAND OWNERSHIP Greenlee counties are presented by user class in Table 6 . (3) Projections derived from growth rates from state energy projections performed by New Mexico Energy Institute.
-17-Electricity and natural gas are the two predominant types of energy consumed in the counties. Data on energy consumption for both electricity and natural gas appear in Table 7 . These data do not represent total energy consumption for the counties but only that of the major cities of Safford, Thatcher, Clifton and Morenci as well as some rural areas. This information is also presented in Table 8 in terms of Btu equivalents. Average prices for energy types are presented by user class in Table 9 . ----- Clifton. This analysis assumes private rather than city development of the resource. Other assumptions necessary for the analysis are presented in Table 10 . An itemized cost summary for the district heating system is presented in Table 11 . Results of the analysis indicate that even though the depth to the resource is only 30 m (100 ft), the life-cycle cost of geothermal energy would not be competitive with natural gas until 1988. The majority of the cost is . associated with the residential retrofit, the commercial conversion and the central system components. Central distribution system costs increase for low energy-use density systems' such as this one.
-24- (l)Research Investment includes the cost of the first production well, injection well and pumps.
(2)Wells include cost of a second production and injection well, pumps and lease payments.
Although a district heating system appears unfavorable from an economic point of view, the time will come when geothermal energy will be the best energy alternative for the community. Cumulative future savings available by replacing natural gas with geothermal energy would be $4,647,000 to the year 2000.
Safford
With the assistance of the New Mexico Energy Institute, a preliminary feasibility study was performed for a downtown commercial heating district in Safford, Arizona. The study was based on the assumptions that the project life is 20 years, the cost of money is two percent above inflation and prices of electricity and natural gas would increase at three percent and five percent per year above inflation, respectively.
-25-
The Safford downtown commercial district consists of approx:!mately 167 commercial buildings in an area one-half mile long oy one-quarter mile ride. The. est:!mated natural gas demand for heating and not water i.s 62.4
x 10 9 B.tu/yr. However, due. to efficiency losses in the use of natural gas, .
-9 the actual heat delivered would be 43.7 x 10 . Rtu/yr. Based on the re1ation.-ship of average annual demand divided b.y average peak. demand, peak demand for all th.e. D-uildings is 38.5 x 10. 6 B.tu/hr. The average user peak. demand is 230,550. Btu/hr.
In. meeting the. heating and hot water demand ritli.. a 17°C (3a~F1 tempera-·-tur·e.arop, . a minimum flow rate of 2,565 gallons per minute (gpm) of 60°C°.
. . of distribution pipe and 0.40 km (0.25 miles) of transmission pipe would be needed. The design also incorporates three well pumps, a heat exchanger, controls, a circulation pump and retrofit and hookup equipment. Table 12 presents a cost summary of the equipment required for the system. In addition to the capital costs necessary to install the system, operating and maintenance costs were also estimated. Cost of electricity to power the system was estimated to be $83,960 per year based on a rate of 6.S¢ per kilowatt hour. Maintenance costs were estimated to be $32,860
per year or one percent of capital costs. Table 13 summarizes the operating and maintenance costs. . . Agribusiness and agricultural industries in Graham and Greenlee counties were also identified. Only a few such industries were found. Currently, most agricultural products are exported to California for processing. Geothermal energy might provide a low-cost energy source suitable for agr:t""cu1.
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------------tural and livestock processing. Development of the processing industry in these two counties would have significant benefits for the local residents and farmers.
Lastly, the mining industry is quite important to the local economy.
Copper is the principal metal which is being mined. Figure 14 presents a map of existing and potential dump leach operations in Graham and Greenlee--counties, all of which are located in areas of proven or potential resources.
Geothermal energy may be able to replace conventional energy sources used in these mining operations.
..
• peting energy sources. A major assumption of these models is that geothermal energy must be price-competitive with the lowest-cost conventional energy source in order to assure market capture.
Development of a geothermal resource is characterized by large capital outlayst but a long-term geothermal investment has the potential to provide relatively inexpensive energy at a stable price. Unlike natural gas and electricitYt however t geothermal energy is an unknown energy involving' certain risks such as price and reservoir life and the need for back-up
systems. An analysis of the costs and economic competitiveness of geothermal energy must take these uncertainties into account. Thus t costs may be overestimated so that the benefits will not be overstated. or to a combination of both. The model also has the capability to model both private and city-owned utility development of the geothermal resource.
-33-Output of the model includes the levelized price per million Btu of delivered energy, the discounted present value of investment necessary and the undiscounted values of investments for policy studies. Also, from input of the price and price growth rate of conventional energy, the model determines the discounted or undiscounted values for federal and state taxes, tax credits, royalty rates, property taxes and consumer savings due to conversion from conventional energy to geothermal.
Certain limitations of the model have already been suggested. Costs, for example, may be overestimated due to safeguards built into the model to take into account the risks associated with geothermal energy. This overestimation of costs might result in the exclusion of a potential use of geothermal energy. Another limitaiton is that the price of natural gas is taken as the price of competitive (conventional) energy, but not all users have access to natural gas.
The output of the model is not a substitute for detailed engineering design studies but it is useful for determining order-of-magnitude costs and potential benefits of geothermal energy development.
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